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@ Therapeutic eloctromagnetic tieatment 



^ A therapeutic treatment device is disclosed 
and indudes a housing (12) and an incoherent 
light source (14) such as a flashlamp disposed 
in the housing. The flashlamp provides a pulsed 
light output for treatment of external skin disor- 
ders. To provide light to the treatment area the 
housing has an opening that Is disposed adja- 
cent a ddn treatment area A reflector (16) b 
mounted within the housing near the light sour- 
ce to reflect the light to the treatment area. At 
least one optical filter (18) and an Iris (20) are 
nwunted near the opening In the housing. 
Power to the tamp Is pravkled by a pulse fann- 
ing circuit that can pravkfe a variable pulse 
wMth. 
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TTie present invention relates geneiany to the art 
of therapeutic electromagnetic treatment aiul more 
spedficany to a method and apparatus for utilising a 
spatially extended pulsed light source such as a flash- 
lamp (flash tut»e) for such a treatment or, affldefiflyftk- 
eusbig light torn the fleshlamp Into optical fibres for 
therapeutic treatment or other applications. 

It is known In the prior art to use electromagnetic 
radiation In medical application for therapeutic uses 
such as treatment of skin disorders. For example. US- 
A-4.298.005 (Mutzhas) descrn>es a continuous ultra- 
vtolet lamp with cosmetic, photoblotogical. and photo- 
chemical applkattlons. Atreatment l>ased on using the 
UV portion of the spectrum and its photochemfcal In- 
teraction with the skin Is descrft>ed. The power deihf- 
ered to the skin using Mutzhas' lamp Is desait)ed as 
150W/rrt», which does not have a signlfteant effect on 
skin temperature. 

In addition to prior art treatment InvoMng UV 
light, lasers have been used for dermatological prooe- 
dures. tnduding Argon lasers, CO, lasers, NdCySsg) 
lasers. Copper vapor lasers, ruby lasers and dye las- 
ers. For example, US-A-4.829^2 <Furumoto). de- 
scribes a method of constructing a dye laser used in 
dermatology applications. Two skin oondOlons which 
may be treated by laser radiatton are external skin ir- 
regulariUes such as local differences In the pigmen- 
tation or structure of the skin, and vascular disorders 
lying deeper under the skin which cause a variety of 
skin abnormalities Including port wine stains, telar>- 
giectaslas. leg veins and cherry and spkJer angio- 
mas. Laser treatment of these skin dteorders gener- 
ally Includes localised heating of the treatment area 
by absorption of laser radiation. Heating the akin 
changes or corrects the skin disorder and causes ttie 
full or partial disappearance of the skin abnormality. 

Certain external disorders such as pigmented le- 
stons csn also be treated by heating the skin very fast 
to a high enough temperature to evaporate parts of 
the skin. Deeper-lying vascular disorders are mora 
typically treated k>y heating the blood to a high enough 
temperature to cause It to coagulate. The disorder wQI 
then eventually disappear. To control the treatment 
depth a pulsed radlatton source Is often used. The 
depth the heat penetrates In the blood vessel Is con- 
trolled by controlling the pulse wMth of the radiation 
source. The ebsorptlon end scatterfaig ooeffldants of 
the skin also affect the heat penetratkm. These coef- 
ficients are a fonctlon of the constituents of skin end 
the wavelength of the radiation. Specif k»lly. the ab- 
sorption coefficient of light in the epidermb and der- 
mis tends to l>e a slowly varying, monotonlcally de- 
creasing function of wavelength. Thus, the wave- 
length of the light should be chosen so that the at>- 
sorpUon coefficient is optimised for the particular skin 
condition and vessel size being treated. 

The effectiveness of lasere for epplicetions such 
as tettoo renwval and removal of birth and age marks 



Is diminished because lasere are monochiDmaUa A 
laser of a given wavelength may be effacttvaiy used 
to treata fkst type ofaUn ptgment a flon disorder, but. 
If the apedflc wavelength of the laserb not at»orbed 

5 efficiently by Skin having 8 second type of disorder, it 
will be Ineffective for the second type of skbi disorder. 
Also, lasers are usually complicated, expenshre to 
manufacture. large for the emount of power delhrered, 
unrellatjle and difficult to malnteln. . 

10 The wavelength of the Oght also af facte vascular 
disorder treatment because blood content In the vicin- 
ity of the vascular disordere varies, and blood content 
affecte the absorption coefficient of the treatment 
area. Oxyhemoglobin Is the main chromophore wtilch 

15 controls the optical properties ofbiood and has strong 
at>sorptk)n bands In the visible region. More particu- 
larly, the strongest absorption peak of oxyhemoglo- 
bin occurs at 418nm and has a band-wklth of GOnm. 
TVvo additional absorption peaks with lower absorp- 

20 Son coefridente occur at 542 and 577nm. The total 
band-wfctth of these two peaks Is on the order of 
lOOnm. Additionally, light In the wavelength range of 
500 to eoOnm Is desirable for the treatment of blood 
vessel disordere of the skin since ft Is absorbed by the 

25 blood and penetrates through the skin. Longer wave- 
lengths up to lOOOnm are also effective since they 
can penetrate deeper into the skin, heat the sur- 
rounding tissue and. If the pulse-wMth Is long 
enough, contribute to heating the blood vessel by 

30 thermal conduct^ty. Also, longer wravelengths are 
effective for treatment of larger diameter vessels tie- 
cause the lower absorption coefficient Is compensat- 
ed for by the tonger path of light In the vessel. 

In eddltion to b^ng used for treating skin disor* 

35 dere, lasere have been used for Invasive medlcel pro- 
cedures such as Ethotrtpsy and removal of btood ves- 
sel btockage. In such Invashre procedures laser light 
Is coupled to optical f Itwes and delh/ered through the 
fibre to the treabnent area. In lithotripsy the fibre de- 

40 livere light from a pulsed laser to a kklney or gallstone 
end the light interaction with the stone creates a 
shock wave which puh^erlses the stone. To remove 
blood vessel blockage the tight Is coupled to the 
blockage by the fibre and dtslntegrates the blockage. 

45 In either case the shortcomings of lasers discussed 
above with respect to laser skin treatment are pres- 
ent Accordingly, a treatment devtee forlithotrtpsy and 
blockage removal utilising a flashlamp would be de- 
sirable. 

80 To effectively treat an area the light ftam the 
source must be focused on the treatment area. Cou- 
pling pulsed laser tight Into optical fibres In medldne 
is quite common. The prior art describes coupling Iso- 
tropic Incoherent pobit sources such ss CW lamps 

85 into smaB optical fIbresJ For example. US-A- 
4.757.431 (Cross, et al.) discloses a method for fo- 
cusing Incoherent point sources with small fllamente 
or an arc lamp with an electrode separation of 2mm 
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Into a small area. Point (or small) sources ara relative- 
ly easy to focus without large losses In energy be- 
cause of the small size of the source. Also, US-A- 
4,022.534 (Kishnei) dtsdoses light produced fay a 5 
flash lul>e and the coDectkm of only a small portion of 
the Dght emitted l»y the taibe Into an optical fibre. 

Ho¥»ver, the large dimension of an extended 
source such as a flashlamp make It dif f icutt to fSocus 
large fractions of Its energy into small areas. Coupling fO 
into opUcai fibres Is even more difficult since not only 
must a high energy denstty be achieved, but the an- 
gular distribution of the tight has to be such that trap- 
ping In the optical fibre can be aooompitshed. Thus, 
n is desbable to have a system fior coupling the output f 5 
of a high intensity, extended, pulsed light source into 
an optical fibre. 

In order to soWe the technical problems outlined 
above Including the spedf ity of prior art systems and 
their technical complexity and expense, the device or 20 
system of the present invention is characterised fay 
the provision of pulsed Incoherent radiation. 

Accordingly, in one embodiment, a wide band 
electromagnetic radiation source that covers the near 
UV and the visible portion of the spectrum would be 25 
desirable for treatment of external sldn and vascular 
disorders. The overall rartge of wavelengths of the 
light source should be sufficient to optimise treatment 
for any of a number of applications. Such a therapeut- 
ic electromagnetic radiation device should also be ca- 30 
pable of providing an optimal wavelength range with- 
in the overall range for the specific disorder being 
treated. The Intensity of the light should be sufficient 
to cause the required thermal effect by raising the 
temperature of the treatment arse to the required 35 
temperature. Also, the pulse-width should be variable 
over a wide enough range ao as to achieve the opti- 
mal penetration depth for each application. There- 
fore, it is desirable to provide a light source having a 
wide range of wavelengths, which can t>e selected ao- 40 
cording to the required slcln treatment, with a control- 
led pulse-width and a high enough energy density for 
application to the affected area. 

Pulsed non-laaer type light sources such as Hne- 
arflashlampa provide these benefits. The Intensity of 45 
the emitted light can be made high enough to achieve 
the required thermal effects. The putse-width can be 
varied over a wide range so that control of thermal 
depth penetration can be accomplished. The typical 
spectrum covers the visible and ultraviolet range and so 
the optical bands most effective for specific applica- 
tions can be selected, or enhanced using fluorescent 
materiats. Moreover, non-laser type light sources 
such es f lesMamps are much simpler and easier to 
manufacture than lasere, are significantly less expert- 65 
sWe tor the same output power and have the potential 
of being more efficient and more reliable. They have 
a wide spectral range that can be optimised for a va- 
riety of specific sldn treatment applications. These 



sources also have a pulse length that can be varied 
over a wide range which Is critical fbr the diffisrent 
types of skin tnaatmenle. 

The scope of the Inyention is defined in the 
dafans and the embodiments outlined below are spe- 
cific combinations sultatde for implementing the bv 
ventton. 

According to a fkst embodiment of the Invention 
a therapeutic treatment device comprises s housing 
and an incoherent light source, suitably a flashlamp, 
operable to providea pulsed light output for treatment, 
disposed In the housing. The housing has an opening 
and b sultabte for being disposed edjacent a skin 
treatment area. A reflector Is mounted within the 
housing proximate the light source, and at least one 
optical fBter is mounted proximate the opening In the 
housing. An bis b mounted coextensively with the 
opening. Power to the lamp b provided by a variable 
pulse width pulse forming circuit Thus, the Ireatanent 
devk» provkles controlled density, f Otered, pulsed 
light output through an opening In the housing to a 
skin area for treatment 

According to a second emtiodlment of the inverv 
tion a method of beatment wKh light energy compris- 
es the steps of providing a high power, pulsed light 
output from a non-taser. incoherent light source and 
directing the pulsed light output to a treatment area, 
the putee width of the light output Is conlroaed and 
focused so that the power denstty of the light b oon- 
troUed. Also, the Dght b filtered to control the speo- 
trum of the light 

According to e third emt>odIment of the Invention 
a coupler comprises an Incoherent light source such 
ss a toroidal flashlamp. Areflector b disposed around 
the Incoherent light source and at least one optteal fi- 
bre or light gukle. The fibre has an end disposed with- 
in the reflector. Thb end collects the Itghtf^ the cir- 
cular tamp. In a similar coupling configuration fibres 
may be provided, elong wHh e linear to circular fibre 
transfer unit dbposed to receive tight from the light 
source and provkle light to the optical films. The re- 
flector has an elliptlcai cross-sectk>n In a plane par- 
allel to the axb of the linear flash tulie. and the linear 
flash tube b located at one focus of the ellipse whDe 
the linear to drcufar transfer unit b located at the 
other focus of the ellipse. 

For e better understanding of the Inventkm. ref-. 
ere nee b made to the accompanying dbgrammaUc 
drav^gs. In which: 

Figure 1 b a crosa-sectlonal view of an Incoher- 
ent, pubed light source skin treatment device; 
Figure 2 b e side view of the tight source of Figure 

1; 

Figure 3 b a schematic dbgram of a putse form- 
ing network with e variable pulse width for use 
with t he skin treatment device of Figures 1 and 2; 
Rgure 4 b e cross-secfional view of a coupler for 
coupling light from a toroidal flash tube into an 



3 



5 



EP 0 565 331 A2 



6 



Optical fibre with a conical edge; 
Rgure 5 b a side view of a toroidal flash tube; 
Figure 6 is a top view of a txsroidal flash tube; 
Figure 7 shows the geometry far coupling into a 5 
conical section; 

Figure 8 is a cTDss-sedional view of a coupler for 
coupling light ffnom a toroidal flash hjbe Into an 
opfical fibre with a flat edge; 
Figure 9 Is a firont sectional view of a coupler for io 
coupling light from a linear flash tuba into a circu- 
lar fibre bundle; 

Rgure 10 Is a side sectlonat view of the coupler 
of Figures; 

Figure 11 Is a front view of a coupler for coupling is 
light finom a linear flash tube into an optical fibre; 
and 

Figure 12 is a front view of a coupler for couplbig 
light from a linear flash tube into a doped optical 
fibre. 20 
In the various figures, like reference numerals 
are used to describe like components. 

Before explaining at least one embodiment of the 
Invention fai datafl it Is to be undeislood thatthe inven- 
tkMi Is not limited m Its application to the detaSd of cofv 25 
structton and the arrangement of the components set 
forth in the following descriptton or Blustrated in the 
drawings. The invention is capable of other embodi- 
ments or of being practised or carried out in various 
ways. Also, it is to be understood thatthe phraseology 30 
and terminology employed herein Is for the purpose 
of description and ehould not be regarded as KmiUng. 

Referring now to Figures 1 and 2, cros»-aectlonal 
and side views of an Incoherent pulsed light source 
skin treatment device 10 constructed and operated In 35 
accordance with the principles of the present inverv 
Uon are shown. The device 10 may be seen to Include 
a housing 12, having an opening therein, e handle 13 
(Figure 2only), alight source 14 having an outer glass 
tube 15, an elliptteal reflector 16, a set of optical f Utera 40 
16, an iris 20 and a detector 22 (Figure 1 only). Ught 
source 14, which is mounted In housing 12, may be e 
typical incoherent light source such as a gas fDIed lin- 
ear flashlamp Model Na L556d avaDable from ILC. 
The spectrum of light emitted by gas fHIed linear 45 
flashlamp 14 depends on current density, type of 
glass envelope material and gas mbdure used In the 
tulw. For large current densities (e.g.. 3000 A/cm* or 
more) the spectrum Is simOar to a black t>ody radiation 
spectrum. Typically, most of the energy Is emitted in so 
the 300 to lOOOnm wavelength range. 

To treat a skin (or visible) disorder a required Dght 
density on the sMn must be delivered. This light den- 
sity can be achieved with the focusing arrangement 
shown In Figures 1 and 2. Figure 1 shows a cress- 55 
section view of reflector 16, also mounted In housing 
12. As shown In Figure 1, the cross-sectton of refleo> 
tor 1 6 in a plane is perpendicular to the axis of flash- 
lamp 14 b an ellipse. Linear flashlamp 14 is tocated 



at one focus of the ellipse and reflector 16 is posK 
tioned In such a way that the treatment area of skin 
21 Is located at the other focus. The arrangement 
shown is simOar to focusing arrangements used with 
lasere and ef f idenOy couples light from flashlamp 14 
Io the sMn. This arrangementshouU not however, be 
consklered llmitbig. Elllptlea! reflector 16 may be a- 
metallie reflector, typlccdly polished aluminum which 
Is an easily machinable reflector and has a very high 
reflecthHty In the visible, and the UV range of the 
spectrum can be used. Other bare or coated metab 
can also be used for this purpose. 

Optfeal and neutral density filters 1 8 are mounted 
In housing 12 neer the treatment erea and may be 
moved into the beam or out of the beam to control the 
speeSnan and Intensity of the light lyplcalty, 50 to 
100nm band-width f Itere, as well as low cut-off f Otera 
In the visible and uKravloiet portions of the spectrum, 
ere used. In some procedures it Is desirable to use 
most of the spectrum, with only the UV portton being 
cut off. In other applications, mainly for deeper pen- 
etratkm. It is preferaltle to use narrower band-wktths. 
The band-width fUfBtu and the cut-off fBlere are read- 
By avaBable convnerdally. 

Glass tut>e 15 b located coaxlally with flashlamp 
1 4 and has fluorescent material deposited on it Glass 
tube 15 will t^icaOy be used for treatment of coagu- 
lation of blood vessels to optimise the energy efficien- 
cy of device ia The ftuorascenl material can be chos- 
en to absorb the UVportkm of the spedrum of flash- 
lamp 14 and geiterate light In the 500 to 650nm range 
that Is optimbad for absorptksn ki the blood. SMar 
materials are coated on the Inner walls of commercial 
fluorescent lamps. A typical material used to generate 
"warm* white light in fliK>rescent lamps has a conver- 
sion efficiency of 60%, has a peak emisston wave- 
length of 570nm and has a Imndwidth of 70run and Is 
usefU for absorption In blood. The few mllllseoond de- 
cay time of these phosphore is constetont with long 
pulses that are required for the treatment of lilood 
vessels. 

Other shapes or configurations of flashlamp 14 
such as circular, helical, short arc and multiple linear 
flashlamps may be used. Reflector 16 may ttave 
other designs such as parabolic or circular reflectors. 
The light source can abo be used without a reflector 
and the required energy and power density may be 
achieved by locetlng light source 14 bi ctose proximity 
to the treatment area. 

Irb 20 b mounted In houslr»g 12 between optical 
fBtera 18 and the treatment area and controls the 
length and the width of the exposed area. La. by col- 
llmating the output of flashlamp 14. The length of 
flashlamp 14 controls the maxbnum length that can 
be exposed. TypfcallyaBcmtong(arclength)tubew1ll 
be used and only the central 5cm of the tube b ex- 
posed. Using the central 5cm essures a high degree 
of uniformity of energy density in the exposed skin 
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area. Thus, in this embodiment the bis 20 (also called 
a collimator) wQI enable exposure of skin areas of a 
maximum length of 5cm. TTie Iris 20 may bo dosed to 
provide a minimum exposure length of one mflUmetre. 
Simnarty, the width of the exposed akin area can be 
controlled (n the range of 1 to 5mm for a 5mm wide 
flasMamp. Larger exposed areas can be easly ach- 
ieved by using longer flash tubes or multiple tubes, 
and smaller exposure areas are obtainable with an Iris 
that more completely ooHimates the beam. The pres- 
ent Inventton provides a larger exposure area com- 
pared to prior art lasera or point sources and is very 
effective In the coagulation of Mood vessels since 
blood flow bitemiption over a longer section of the 
vessel is more effective In coagulating IL The larger 
area exposed simultaneously also reduces the re- 
quired procedure time. 

Detector 22 (Rgure 1) Is mounted outside hous- 
ing 12 and monitore the light reflected from the skin. 
Detector 22 combined with optical filters 18 and neu- 
tral density f Uleis can be used to achieve a quick es- 
timate of the spectre! reflectton and absorption coef- 
ficients of the sMn. This may be carried out at a low 
energy density level prior to the application of the 
main baatnnent pulse. Measurement of the optical 
preperties of the skin prior to tiie 8pplk:ation of the 
main pulse is useful to determine optimal treatment 
oondittons. As stated above, the wide spectrum of the 
light emitted lirom the non-laser type source enables 
investigation of the skin over a wide spedrel range 
and choice of optimal treatment ¥»velengths. 

In an alternative embodiment, detector 22 or a 
second detector system may be used for real-time 
temperature measurement of the skin during Its ex- 
posure to the pulsed light source. This Is useful for 
skin thermolysis applteations wtth long pulses In 
whteh light Is absorbed In the epMermls and dermte. 
When the external portton of the epidermte reaches 
too high a temperature, permanent scarring of the 
skin may result Thus, the tenoperature of the skin 
should t>e measured. This can be realised using Infra- 
red emission of the heated skin, to prevent over- 
exposure. 

A typical reat-tlme detector system would meas- 
ure the Infra-red emlsston of the skin at two specifte 
wavelengths by using two detectore and filtere. The 
retio between the signals of the two detectors can be 
used to estimate the Instantaneous skin temperature. 
The operatton of the pulsed light source can be stop- 
ped If a preselected skin temperature is reached. This 
measurement Is relatively easy since the temperature 
threshold for pulsed heating that may causa skin 
scarring Is on the orderof 50*C or more, which b easi- 
ly measurable using Infrared emission. 

The depth of Iieat penetration depends on the 
light absorption and scattering In the different layera 
of the skin and the thermal properties of the skin. Ar»- 
other Important parameter is putse-wkJth. For a 



pulsed tight source, the energy of whk:h Is absorbed 
In an Inf InitesImaDy thbi layer, the depth of heat pen- 
eIratfaMi (d) t>y thermal conductivity during the pulse 
5 can be written as shown in EquaUon 1: 

(Eq.1) d«4[kAt/Cp]^ 
where 

k » heat conductivity of the material being IDu- 

miriated; 

to At B the pulse-wUfth of the light pulse; 
C *> the heat capacity of the material; 
p « density of the material. 

It b dear from Equatkm 1 that the depth of heat 
penetration can be oontrolted bf the pulse-wMth of 

1$ the light source. 

Thus, a variation of pulse-width In the range of 
1 0-B sec to 1 0-^ sec wBI result In a variatbn in the ther- 
mal penetration t)y a factor of 100. 

Accordingly, the flashlamp 14 provides a pulse 

20 width of from 10^ sec to 10-^ sec For treatment of 
vascular dbofden in which coagulation of blood ves- 
sels in the sMn b the objective the pulse length b 
chosen to unifornJy heat as much of the entire thick- 
ness of the vessel as possible to achieve eff tdent oo- 

25 agulatlon. Typical blood vesseb that need to be treat- 
ed in the skin have thteknesses In the range of 
O.Smm. Thus, the optimal pulse-wUth. taking into ac- 
count the themud properties of blood, b on the order 
of lOQmsec If shorter pUlses are used, heat wll stili 

30 be conducted through the bkiod to cause coagula- 
tion, however, the Instantaneous temperature of part 
of the blood in the vessel and surrounding tissua wiD 
be higher than the temperature required for coagula- 
tion and may cause unwanted damage. 

35 For treatment of external skin disordere In which 
evaporetton of the skin b the objective, a very short 
pulse-width b used to provkle for very shallow ther- 
mal penetratkm of the sMn. For example, a sec 
pulse wm penetrate (t»y thermal conductivity) a depth 

40 of the order of only 5 microns Into the skin. Thus, only 
a thin layer of skin b heated, and a very high. Insterv 
teneoua temperature b obteined so that the external 
mark on the skin b eveporated. 

Figure 3 shows a variable putse-wldth pulse 

45 forming circuit oomptised of a plurality of Individual 
pulse forming networks (PFN's) that create the vari- 
ation in pulse-widths of flashlamp 14. The light pulse 
full width at half maximum (FWHM) of a flashlamp 
driven by e single element PFN with capacitence C 

60 and inductence L b approxknately equal to: 
(Eq.2) At«2[LC]M 
Rashlamp 14 may t>e driven by three dlffianent 
PFN's. as shown in Rgure 3. The relay contacte R1*, 
R2' and R3* are used to select among three capad- 

55 tors CI . C2 and C3 that are charged by the high vol- 
tage power supply. Relays R1. R2 and R3 are used 
to select the PFN that wID be connected to flashlamp 
14. The high voltege switches SI. S2 and S3 are used 
to discharge the energy stored In the cepacltor of the 
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PFN into flashlamp 1 4. In one embodiment LI . L2 and 
L3 have values of 1 0OmH. 1 mH and 5mH. respective- 
ly, and CI , C2 and C3 have values of lOOmF, ImF and 
10mF, raspedively. 

tn addition to the possibOfty of firing each PFN 
separately, wMch generates the basic vartabDtty in 
ptdse•wldt^ additional variation can be achieved by 
firing PFTTs sequentially. If. for example, two PFhTa 
having pulse-width Atl and At2 are fired, so that the 
second PFN is fired after the first pulse has decayed 
to half of its amplitude, then an effective light pulse- 
width of this operation of the system will be given l>y 
the relation: At » Atl ♦ AI2. 

The charging power supply typically has a vol- 
tage range of 50QV to 5kV. The relays should there* 
fbre be high voltage relays that can Isolate these vol- 
tages reliably. The switches S are capable of carrying 
the current of flashlamp 14 and to isolate the reverse 
h^h voltage generated if the PFNs are aeciuentiaQy 
fired. Solid-state switches, vacuum switches or gas 
switches can be used for this purpose. 

A simmer power supply (not shown In Figure 3) 
may be used to keep the flashlamp In a low cu-rent 
conducting mode. Other configurations can t>e used 
to achieve putse>width variation, such as the use of 
a single PFN and a crowbar switch, or use of a switch 
with dosing and openfaig capabDities. 

Typically, for operation of flashlamp 14 with an 
electrical pulsa-wldth of 1 to 10msec a linear electri- 
cal energy density Input of 100 to 300J/cm can be 
used. An energy density of 30 to 100J/cn^ can be 
achieved on the skin for a typical flashlamp bora di- 
ameter of 5mm. The use of a 500 to 650nm bandwidth 
transmits 20% of the Incident energy. Thus, energy 
densities on the skin of 6 to 20J/cm2 are achieved. 
The Incorporation of the fluorescent material will fur- 
ther extend the output radiation In the desired range, 
enabling the same exposure of the skin with a lower 
energy Input Into flashlamp 14. 

Pulsed laser skin treatment shows that energy 
densIUes In the range of 0.5 to lOJ/cm^ with pulse- 
wMths In the range of O.Smsec ere generally effective 
for treating vascular related skin disorders. TMs range 
of parameters faBa In the range of operatton of pulsed 
non-laser type light sources such as the linear flash- 
lamp. A few steps of neutral density glass fDters 18 
can also be used to control the energy density on the 
skin. 

For externa] disorders a typical pulse-wkfth of 5 
microsecond Is used. A20J/cm electrical eneigy dei>- 
sity Input into a 5nun bore flashlamp resuHs bi an en- 
ergy density on the skin of 10J/cm>. Cutting off the 
hard UV portion of the spectrum results In 90% ener- 
gy transmlsston. or skin exposure to an energy den- 
sity of dose to 10 J/cm> This energy density b high 
enough to evaporate external marks on the skin. 

Device 10 can be provkled as two units: a llght- 
' weight unit held by a physician using handle 13, with 



the hand-held unit containing flashlamp 14, f Bters 18 
and Ms 20 that together oontiDl the spectrum and the 
size of tlw exposed area and the detectors that meas- 

5 lira the reflectivity and the Instantaneous skin tem- 
perature. The power auppty. the PFN'e and the elec- . 
trical controls are contained In a separate t)OX (not 
shown) that b connected to the hand-lield unit via a 
flexlt)le cable. Thb enables ease of operatton and 

10 easy access to the areas of the akin that need to be 
treated. 

The Invention has thus Car been described In oon- 
Junctkm with sUn treatanent However, using a flash- 
lamp rather than a laser In invasive treatments pro- 
fs vides advantages as weO. Procedures such as litho- 
tripsy or renx>val of blood vessel blockage may be 
performed with a flashlamp. Such a devtoe may be 
similar to that shown tn Figures 1 and 2. and may use 
the electronics of Figure 3 to produce the flash. How- 
20 ever, to properly couple the light to an optical fibre a 
number of couplers 40, 80 and 90 are shown In Fig- 
ures 4 and 8-10, respecttvely. 

Coupler 40 Indudes an optical source of high In- 
tensity Incoherent and Isotropic pulsed light such as 
25 a linear flash tube 42, a light reflector 44 whkit deiiv- 
eis the light energy to an opttoal fibre 46. The latter 
has a generally conical edge In the emtxxliment of 
Figure 4. Optical fibre 46 transfers the light from light 
collection system 44 to the treattnentarea. In general, 
30 coupler 40 couples pubed light fhrni a flash tulw Into 
an optical fibre and has appQcations In medtoal. In- 
dustrial and domestic areas. 

For example, coupler 40 may tie used In material 
processing to rapidly heat or ablate a portkMi of a ma- 
ss tertal being processed, or to Induce ephoto-ohemlcal 
process. Alternatively, coupler 40 may be used In a 
photography application to provkle a flash for picture 
taking. Using such a coupler would allow the flash 
bulb to be located Inside the camera, with the light 
40 transmitted to outside the camera using en optical fi- 
bre. As one skiied In the art shouU recognise coupler 
40 aOows the use of hooherent light In many appHca- 
Uons that coherent or Incoherent light has been used 
In the past 

45 To provide foroouplfaig the light to an optical f Owe. . 

flash tube 42 has a toroidal shape, shown In Figures 
5 and 6, and is disposed inside reflector 44. In add^ 
tion to the toroUal shape other stiapes, such as a con- 
tinuous helix, may be used for flash tube 42. However, 

60 e helical tut>e b more difficult to manufadure than a 
toroktal tube. Referring now to Figure 6. flash lube 42 
b generally In the shape of a toura. but b not a perfect 
tours since the electrodes located at the end of the 
toura have to be connected to the power source. Thb 

55 does not create a significant dbturt>ance in the drou- 
lar shape of flash tube 42. since the connection to the 
electrodes can be made quite smalL 

Reflector 44 collects and concentrates the light, 
and has a cross-section of substantially an ellipse. In 



11 



EP 0 565 331 A2 



12 



a ptane perpendteular to t ha minor axis of the toroidal 
flash tube 42. The major axis of this eOlpsa preferably 
fbrms a amaU angle with the major axis of toroidal 
tamp42. The exBCtvafuacftheangla between the flj- s 
tipse axis and the main axis of lamp 42 depends on 
the Numeilcal Aperture (MA) of the optical flbie. 

The toroidal flash tube b positioned so that Ka mi- 
nor axb coincides with the focus of the eOlpse. The 
otherfocus of the eWpse ta at the edge of optical fibre fo 
46. Renector 44 may be machined from metal with 
the Inner surfaces polished tor good reflectlvtty. Alu- 
minum Is a very good reflector with high reflectivity 
In the visible and ultravlotet, and It may be used for 
this pufpose. The reflector can be machined In one is 
piece and then cut along a surface perpendicular to 
the main axis of the device. This wiU enable integra- 
tion of the toroidal flash tube into the device. 

As shown in Figure 4. the edge of optical fibre 46 
Is a cone with a small opening angle, so that the total 20 
area of the fibre exposed to the light from the flash 
tube Is Increesed. RefiBrring now to Figure 7 the ge- 
ometry for coupling light Into a conical tip Is shown. It 
Is assumed here that the tight comes from a region In 
space with a refractive Index of nj and that the conical 25 
section of the fibre (as weU as the rest of the fBire 
core) has a refractive index of Oi. 

Not ad the light rays hitting the cone are trapped 
In It. For light rays that propagate In a plane that ooiv 
tains the majoraxlsofthe system, a condition can be so 
derived for the angle of a ray that wlD be trapped and 
absorbed in the fibre. This condiUon is shown In 
Equation 3. 
Sin = Cos O) . (n,«/nj2 - 1) vigln O) 

(Eq.3) « 

Light will be trapped In the conical portton of the 
optical fibre If the Incidence angle p te larger than 
calculated from Equation 3. Trapping b possible only 
if ni>n2. If the medium outside of the fibre b atr, nasl. 
Not all of the light trapped In the conical section of the 40 
fibre wlli also be trapped in the staalght portion of the 
fibre if a fibre with a core and a cladding la used. If a 
fibre with a core and no cladding b used (ak- dad- 
ding), then all the rays captured In the conical section 
of the fibre wm also be trapped In the stelght section 4S 
of the fibre. 

The configuration shown in Figure 4 can also be 
used with a fluid ftOIng the volume between the re- 
flector and the optical fibre. Avery convenient fluid for 
thb purpose ntay be water. Water b also very effeo- so 
tive bi cooling the flasMamp if high repetition rate 
pulses are used. The presence of a fluid reduces the 
losses that are associated with glass to air trensl- 
Uons. such as the bansition between the flashlamp 
envelope material and air. If a fluid b used In the ra- ss 
flectorvolume. then lb refractive index can be chosen 
such that ail the rays trapped In the conical section 
are also trapped In the fibre, even If core/dadding fi- 
bres are used. 



Another way of configuring the fibre in the reflec- 
tor b fay using a fibre with a flat edge. Thb configur- 
ation b shown In Figure 8 and has trapping efficiency 
very dose to the trapping effldency of the conical 
edge. Many other shapes of the fibre edge, such as 
spherical shapes, can also be used. The configura- 
tion of the fibre edge also has an effect on the distrib- 
ution of the light on the exit side of the fibre and It can 
be chosen in accordance with the spedfle application 
of the device. 

The deylcemay be used with a variety of optical 
fibres. Single, or a small number of m&ltmetre or suft>- 
miilimetre diameter fibres) wiB typically be used in In- 
vasive medical applications. In other applications, 
particularly In industrial and domestic applications, it 
may be preferable to use a fibre having a larger dlanv- 
eter, or a larger bundle of fibres, or a light guide. 

Figures 9 and 1 0 show a coupler 90 for ooupUng 
a linear flash bibe 92 through a linear lo cfactilar fibre 
transfer unit 94 to a fibre bundle 96. Areflector 98 has 
an elliptical cross-section, shown In Figure 10. In a 
plane parallel to the axb of linear flash tube 92 In thb 
embodiment Tube 92 b located on one focus of the 
ellipse whDe the linear side of linear to circular bundle 
converter 94 b located at the other focus of the el- 
lipse. Thb conflguretion b relathrety simple to manu- 
facture and commercially avalabia Hnear to dreular 
converlBis such as 254K>4-4 available from General 
Fibre Optics may be used. Thb configuration b par-, 
tlcularty useful for larger exposure areas of the fOire,- 
or for flash illumination purposes. 

The energy and power densities that can be ach- 
ieved by thb Invention are tilgh enough to get the de- 
skBd effects bi surface treatment or medlcat applica- 
tions. For the emiKxUment shown In Figure 4 the total 
energy and power densities can be estimated as fol- 
lows. For a typical toroidal lamp with a 4mm bore di- 
ameter end a major diameter of 3.3cm en electrical 
linear energy density Input of 10J/cm into the lamp 
can be used with a 5|Isec pulse width. The light output 
of the lamp will be S to 6J/cm for optimal electrical op- 
erating oondltlona. For the reflector shown In Figure 
4. 50% of the light generated in the lamp wBt reach the 
lower focus. Thus, a total energy flux on the focus of 
25 to 30J may be obtained. For embodimenb shown 
in Figure 4 or Figure 8 the total crosa-section area of 
reflector at the fbcal plane has a cross-section of 
o.8cm». 

Energy denallles on the order of 30 to AOJ/cn^ at 
the entrance to the fibre should be attained with thb 
cross-section. Thb corrssponds to power densities of 
5 to 10MW/cm>. which are the typical power densities 
used In medical or nmterial processing applications. 

For longer pulses, higher linear electrical energy 
densities Into the lamp can be used. For a Imsec 
pulse to the flash bjbe a linear etedrlcal energy den- 
sity of lOOJ/cm can be used. The corresponding en- 
ergy density at the focal area would be up to 
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300J/cm>. Such energy densittes are very effective fn 
Industrial deaning and processing appltcallons as 
well as In medical applications. 

Altematlve embodiments for coupling the optical 
fibre to an extended light source such as a linear 
flashlamp are shown In Rguras 11 and 12. In the em- 
bodiment of Figure 11 an optical fibre 101 Is wound 
around a lamp 102 and a \an\p envelope 103. Some 
of the tight that te produced by the Ught source Is cou- 
pled into the fibre, if the light rays are propegating in 
the direction that b trapped by the fibre then thb light 
wm propagate in t he fibre and it can be used at a fibre 
output 104. One limHatlon of this conflgurBtion b the 
fact that most of the light emftled by lamp 103 travels 
In a direction perpendicular to the surface of lamp 103 
and cannot be trapped In fibre 101. 

The embodiment shown In Figure 12 overcomes 
thb problem. A doped optica! fibre 105 b wound 
around lamp 102 and envelope 103. rather than an 
undoped Ifbte such as f Ibrs 1 01 of Figure 11 . The do- 
pant b a fluorescent material which b excited bf the 
radiation emanating from lamp 102 and radiates light 
inside the fibre. Thb light b radiated omnldlrectionaQy 
and the part of it that b within the critical angle of fibre 
105 b trapped and propagates through the fibre and 
can be used at fibre output 1 04. The angle of I ight that 
is trapped In the fibre b the critical angle of the ma- 
teria hem which the optlcat fibre or optical wave 
guide b made. For a fibre (or optical wave guide) In 
air this angle b given by sin a s i/n. 

Typically for glass or other bansparent materials 
n = 1.5 and a=41.8^ Thb corresponds to a bapping 
efficiency of more than 10% of the light emitted by flu- 
orescence Inside the fibre. If we assume a 50% effi- 
ciency of the fluorescence process we find out that 
more than 5% of the light produced by the lamp b 
trapped and propagated down the fibre. For example, 
a 4' (10.2cm) lamp with a linear electrical energy in- 
put of 300J/inch (118 J/cm)and 50% electrical to tight 
conveislon efficiency would couple 2.5% of Its eleo- 
b-lcal energy Into the fibre. Thb corresponds, for the 
4" (1 0.2cm) lamp case to a total light energy of 30J of 
light Ihls embodiment has the additional advantage 
of transferring the wavelength emitted by the tamp to 
a wavelength that may be more usefW In some of the 
therapeutic or processing applications mentioned be- 
fore. Thus, fluorescent material doped In the fibre can 
be chosen in accordance with an emission wave- 
length determined by the specific application of the 
device. 

' Thus. It should be appiarent that there has been 
provided In accordance wfth the present Invention a 
flashlann) and coupler that ftdty satisfy the objectives 
end advantages set forth aliove. Although the Inven- 
tion has t>een descrtt>ed In conJurKtlon with specific 
embodimente thereof. It is evident that many alterna- 
tives, modifications and variations will be epparent to 
those skaied In the art Accordingly. It b intended to 



embrace aO such alternatives, modifications and va- 
riations that fan wfthbi the spirit and broad scope of 
the appended dabna. 

5 

Claims 

1. A therapeutic treatanent device characterised bi 
fo that an Incoherant light source (14) b operable to 

provide a pulsed light output fbr treatment 

2. A Ireabnent device as claimed In dafan 1 further 
characterised In that a variable pulse width piilse 

IS forming circuit Is dectrlcelly connected to said 
light source. 

3. A treatment device es dalnied In any one of the 
preceding dalms. further characterised In that 

20 eald light source b e flashlamp (1 4). 

4. A treatment device as dalmed in any one of the 
preceding claims, further characterised In that 
said light source comprises means for providing 
pulses having a width In the range of between 
substantially 0.5 and 10 microsec and an energy 
density of the Dght on the skbi of up to about 
1 0J/cm>. whereby the light treats external disor- 
ders of the skbi. such as: tattoos, pigmented le- 
sbns or birth and age marks. 

5. A treatment device as daimed In any one of the 
preceding claims, further charedertsed In that 
said light source (14) b mounted In a housing (1 2) 
suitable for being dbposed adjacent a skin freal- 
ment area, said housing having a reflector (16) 
nnounted therein proximate sakl light source, and 
said housing having an opening, with an Irb (20) 
mounted about' said opening, and at least one 
optical filter (18) fiKMmfted proximate said open- 
ing. 

6. A treatment device es dalmed In dalrn 5, fUrther 
characterised In that a means (18) for providing 

4S conbolled energy density, filtered, pdsed light 
output through soM opening end saM Ms to a sklh 
area for treatment b provided. 

7. A treatment device as claimed In dalm 5 or 6. (Ur- 
50 ther characterised In that a power supply b con- 
nected to and external of sakl housing, wherein 
sakl housbtg Includes a handle (1 3). 

8. A device as dalmed In eny one of the preceding 
55 claims, further characterised In that a plurality of 

optical fibres (06), each having an end disposed 
within a reflector (08) and a linear to circutar fibre 
transfer unit (94) b dbposed to receKre light from 
the tight source (92) and provkle light to the optr 
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ical fibres. 

9. Adevlcaasdalmedinclabn8.wherelnarenectDr 
(98) has an eniptlcal cross-section In a plane par- 0 
aOel to the axb of a tight source which comprises 
a linear flash tut>e (92), and wherein the linear 
flash tuba Is located at one focus of the eOlpsa 
while the nnear to dicular transfer unit (94) b lo> 
catad at the other focus of the eS^. io 

ia A system for providing poised light characterised 
In that 

a pulsed toroidal flash hibe biooheient Bght 
source (42. 92) has a reHector (44) disposed is 
theieabout. said reflector having a cross-section 
of substantially an ellipse, in a plana perpendicu- 
lar to the minor axis of the toroidal flash tube; and 
at least one optical fibre (46) having an end dis- 
posed within said reflector 20 

11. A system as dalmed In dabn 10. further charao- 
terised in that the end of the optical fibre has a 
cone shape. 

25 

12. A system as claimed In dalm 10. further charao- 
terised In that the end of the optical fibre Is flat 

13. Asystemasdalmedinanyoneofdaiins1Dto12. 
furtherchaiacterisad In that the optical fibre is air so 
dad. 
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Figure 2 
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Figure 4 
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Figure 5 
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Figure 7 
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